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Background: Malignant pleural mesothelioma (MPM) is an aggressive pleural malig-
nancy, and despite all multimodal treatment modalities, the 5-year overall survival rate of
patients with MPM is less than 20%. In the present study, we aimed to analyze the surgical
and prognostic outcomes of patients with MPM who received multimodal treatment.
Methods: In this retrospective, single-center study, the records of patients who under-
went surgery for MPM between January 2010 and December 2020 at our department
were reviewed retrospectively.

Results: Sixty-four patients were included in the study, of whom 23 (35.9%) were wom-
en and 41 (64.1%) were men. Extrapleural pneumonectomy, pleurectomy/decortication,
and extended pleurectomy/decortication procedures were performed in 34.4%, 45.3%,
and 20.3% of patients, respectively. The median survival of patients was 21 months, and
the 5-year survival rate was 20.2%. Advanced tumor stage (hazard ratio [HR], 1.8; p=0.04),
right-sided extrapleural pneumonectomy (HR, 3.1; p=0.02), lymph node metastasis (HR,
1.8; p=0.04), and incomplete multimodal therapy (HR, 1.9; p=0.03) were poor prognostic
factors. There was no significant survival difference according to surgical type or histo-
pathological subtype.

Conclusion: Multimodal therapy can offer an acceptable survival rate in patients with
MPM. Despite its poor reputation in the literature, the survival rate after extrapleural pneu-
monectomy, especially left-sided, was not as poor as might be expected.
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Introduction

Malignant pleural mesothelioma (MPM), which arises
from pleural mesothelial cells, is a rare and fatal tumor.
The incidence of MPM has been reported to be 3-17 per
million [1]. Although asbestos exposure is the most widely
known etiological factor, exposure to erionite, which is
specific to Turkey and the western United States, has also
been reported in the literature [2-4]. Related guidelines
have emphasized the importance of multimodal therapy
(MMT) for patients with MPM in suitable conditions. Sur-
gery is the principal component of MMT, and the main
goal of surgery for MPM is maximal cytoreduction [1].
There are 2 types of surgical treatment of MPM, called
pleurectomy/decortication (PD) and extrapleural pneumo-

nectomy (EPP), depending on whether the entire ipsilateral
lung is included in the excision. Additionally, a variation of
the PD procedure including pericardiectomy and/or dia-
phragm resection is called extended pleurectomy/decorti-
cation (EPD) in various references [5,6].

The eighth tumor-mode-metastasis (TNM) system,
which has been used since 2018, is the current staging sys-
tem of MPM, and many patients with MPM are clinically
candidates for surgery except for those with T4 and M1 tu-
mors [7]. Nonetheless, despite all treatment efforts, MPM
has a poor prognosis. Various references have reported that
the median survival of MPM was 18-22 months, and the
5-year overall survival (OS) rate was less than 20% [8-10].
Researchers and clinicians from various departments, in-
cluding thoracic surgery, medical oncology, and radiation
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oncology, are trying to contribute to the literature by pub-
lishing their experiences on the survival outcomes and
prognostic factors of this rare and fatal tumor. In the pres-
ent study, we also aimed to analyze the prognostic factors
and surgical outcomes of patients with MPM who under-
went MMT including surgery in this single-center study.

Methods
Inclusion criteria

This study was approved by the Institutional Review
Board of Gazi University (IRB approval no., 2021-789). The
patients provided written informed consent for the publi-
cation of clinical details and images. The record of patients
who underwent surgery for MPM between January 2010
and December 2020 at our department was reviewed retro-
spectively. Patients who underwent EPP, PD, or EPD with
or without induction chemotherapy were included in the
study. Patients whose medical follow-up records were not
obtained, those without mediastinal lymph node sampling
or dissection, and those who underwent only diagnostic
surgery were not included in the study. The pathological
staging of patients was conducted according to the eighth
TNM system.

Preoperative evaluation

Since our department is a surgical clinic, most of the pa-
tients included in the study were referred after the histo-
pathological diagnosis of MPM. Endobronchial ultra-
sound-guided transbronchial needle aspiration in patients
who had lymph nodes with a short axis larger than 1 cm
on thoracic computed tomography (CT) and/or mediasti-
nal lymph node involvement on positron emission tomog-
raphy-CT. Surgery, direct or after induction chemothera-
py, was planned in patients with an early clinical stage
after a multidisciplinary evaluation. Additionally, those
who had mediastinal lymph node invasion or severe chest
pain (suspected chest wall invasion) were referred for in-
duction therapy. Some patients included in the study had
also received induction chemotherapy at another center.

A detailed preoperative evaluation and preparation were
performed for patients scheduled for surgery. A complete
blood count (CBC), biochemical tests, coagulation tests,
pulmonary function tests including the diffusing capacity
for carbon monoxide, a cardiac evaluation, the 6-minute
walk test and when necessary, ventilation/perfusion scin-
tigraphy and VO,-max calculations were performed. Pa-
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tients with bilateral involvement, peritoneal invasion, and
contralateral hilar-mediastinal or supraclavicular lymph
node metastases, those who were medically inoperable, and
those who refused surgery were referred for definitive che-
mo-radiotherapy.

Surgical approach

To the extent possible, we preferred PD and EPD, which
are lung-protective methods were preferred. However, EPP
was planned when maximal cytoreduction could not be
achieved with lung-sparing methods. The decision to per-
form EPP was made intraoperatively in some patients. The
indications for EPP were as follows: (1) radiologically dif-
fuse parenchymal involvement and the presence of intense
visceral pleural thickening; (2) inability to achieve maxi-
mal intraoperative cytoreduction with PD and EPD; (3)
concern about excessive air leakage due to excessive lung
damage after pleurectomy; (4) a suitable patient for pneu-
monectomy in terms of cardiopulmonary function and
medical performance; and (5) no mediastinal lymph node
metastasis in clinical staging.

Postoperative management

Patients who underwent surgery directly without induc-
tion therapy were referred for adjuvant therapy. Adjuvant
treatment was planned as sequential chemotherapy fol-
lowed by radiotherapy, or combined chemoradiotherapy.
Those who underwent surgery after induction therapy
were referred to adjuvant radiotherapy. EPP patients re-
ceived adjuvant radiotherapy in the form of high-dose
whole hemithorax irradiation, while hemi-thoracic pleural
intensity-modulated radiation therapy was performed in
those who underwent lung-sparing surgery. Post-treatment
follow-up examinations included thoracic/abdominal CT,
CBC, liver function tests, kidney function tests at 3-month
intervals.

Statistical analysis

All analyses were performed with IBM SPSS ver. 20.0
(IBM Corp., Armonk, NY, USA) software. The normality
of the distribution of numeric data was investigated using
the Kolmogorov-Smirnov test and histograms. The mean
and standard deviation were used for parameters with a
normal distribution and the median with minimum-maxi-
mum was used for those with a skewed distribution. The
chi-square and log-rank tests were used for categorical and
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continuous variables, respectively. OS time was calculated
as the interval from the date of surgery to the date of the
study for living patients and the date of death for dead pa-
tients. The OS was calculated using the Kaplan-Meier
method. Survival differences between the groups were in-
vestigated by log-rank and Cox regression analyses. Early
postoperative mortality referred to deaths from any cause
occurring within the first 30 days after surgery. All analy-
ses were performed with 95% confidence intervals (Cls).
Two-sided p-values were calculated, and a p-value less than
0.05 was considered to indicate statistical significance.

Results

Sixty-four patients who met the inclusion criteria were
included in the study. There were 23 (35.9%) women and
41 (64.1%) men. The median age of the patients was 58
years (range, 32-76 years). The general characteristics of
patients are given in Tables 1 and 2. The most common

Table 1. Characteristics of patients included in the study (n=64)

Characteristic Category Value
Age (yr) 58 (32-76)
Length of stay (day) 9 (4-25)
Length of intensive care unit (day) 1(1-7)
Sex Female 23 (35.9)
Male 41 (64.1)
T stage | 17 (26.6)
Il 27 (42.2)
Il 20 (31.2)
N stage 0 45 (70.3)
| 19 (29.7)
Surgery Extrapleural 22 (34.4)
pneumonectomy
Right 10 (15.6)
Left 12 (18.8)
PD 29 (45.3)
Extended PD 13 (20.3)
Stage (eighth TNM) 1A 12 (18.8)
1B 33 (51.6)
Il 10 (15.6)
1A 9 (14.0)
Histopathology Epithelioid 53 (82.8)
Biphasic 9 (14.1)
Sarcomatoid 2(3.1)
Induction chemotherapy Yes 32 (50.0)
No 32 (50.0)
Completed multimodal therapy ~ No 10 (15.6)
Yes 54 (84.4)

Values are presented as median (range) or number (%).
PD, pleurectomy/decortication; TNM, tumor-node-metastasis staging
system.

surgical procedure performed was PD (45.3%) and the
most common tumor stage was IB (51.6%) according to the
eighth TNM system. The epithelioid histopathology rate
was 82.8%. Induction chemotherapy with the cispla-
tin-pemetrexed protocol was administered in 32 patients
(50%) between 3 and 6 cycles. MMT was not completed in
10 patients (15.6%) due to various factors such as patient
rejection or poor medical performance. The medical on-
cology team did not approve adjuvant chemotherapy in pa-
tients with cardiomyopathy, advanced age, renal failure,
and cachexia.

The mean follow-up time of our study was 29.6 months
(SD, 3.8 months). The median survival was 21 months (95%
CIL, 11.3-30.6 months), and the 3- and 5-year OS rates were
39.2% and 20.2%, respectively (Fig. 1). Early postoperative
mortality occurred only in 1 patient who underwent EPD
surgery due to an air leak followed by pneumonia and re-
spiratory failure. Ninety-day mortality occurred in 4 pa-
tients (6.25 %) in our study: 2 of them were in the EPD
group, 1 was in the EPP group, and 1 was in the PD group.
One patient who underwent right EPP died on the 86th

Table 2. Clinicopathological features of patients according to the
side of malignant pleural mesothelioma (n=64)

Variable Category Right Left
Sex Female 8(12.5) 24 (37.5)
Male 15 (23.4) 17 (26.6)
Surgery EPP? 0 (15.6) 12 (18.7)
PD 7 (26.6) 12 (18.7)
EPD 5(7.8) 8(12.5)
Age (yr) 65 031.3) 23(35.9)
<65 0(15.6) 11(17.2)
Stage Il 3(35.9 19(29.6)
1 9(14.1) 13 (20.4)
T category | 0(15.6) 7 (10.9)
1 3(20.4) 14 (21.8)
i1l 9(141) 11 (17.2)
N stage 0 25 (39.1) 20 (31.3)
| 7 (10.9) 12 (18.7)
Histopathology Epithelioid 26 (40.6) 27 (42.2)
Biphasic 4 (6.3) 5(7.8)
Sarcomatoid 2(3.1) 0
Induction therapy ~ Yes 17 (26.6) 15 (23.4)
No 15 (23.4) 17 (26.6)
MMT Incomplete 3 (4.6) 7 (10.9)
Complete 29 (45.4) 25(39.1)

Values are presented as number (%).

EPP, extrapleural pneumonectomy; PD, pleurectomy/decortication;
EPD, extended pleurectomy/decortication; MMT, multimodal therapy.
“There was a significant survival difference between right- and left-sided
EPP (hazard ratio, 3.1; 95% confidence interval, 1.1-9.6; p=0.02).
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Fig. 1. Median and 5-year survival of patients shown using a Ka-
plan-Meier curve. The median survival was 21 months (95% con-
fidence interval, 11.3-30.6 months), and the 3- and 5-year overall
survival (OS) rates were 39.2% and 20.2%, respectively.
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Fig. 2. Survival curves showing a significant difference between
early and advanced tumor stages.

day due to bronchopleural fistula. The causes of mortality
of the other patients were acute coronary syndrome and
neutropenia resulting from chemotherapy. Advanced tu-
mor stage (hazard ratio [HR], 1.8; p=0.04), right-sided EPP
(HR, 3.1; p=0.02), the presence of lymph node metastasis
(HR, 1.8; p=0.04) and incomplete MMT (HR, 1.9; p=0.03)
were statistically significant poor prognostic factors (Figs.
2-4, Table 2). Induction chemotherapy, age, sex, the surgi-
cal procedure performed, and the histopathological sub-
type had no significant effect on survival (Table 3).

The most common postoperative morbidities were air
leak and atelectasis in the pulmonary-sparing group. Atrial
fibrillation occurred at similar frequencies in the EPD and
EPP groups. Severe bacterial pneumonia was detected in a
patient who underwent EPD surgery, and he died on post-
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Fig. 3. Survival curves according to the extrapleural pneumonec-
tomy (EPP) side.
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Fig. 4. Survival curves showing better median survival in patients
who had completed multimodal therapy (MMT).

operative day 26. Four patients had minor wound site
problems. Chylothorax, which was treated medically, oc-
curred in 2 patients in the right EPP group. Bronchopleural
fistula occurred in 1 patient who underwent EPP surgery.

Discussion

In this study, we aimed to demonstrate the surgical out-
comes and prognostic factors of patients with MPM who
underwent MMT at our department. Studies have reported
that MPM is more common in male patients. Klotz et al.
[11] reported that the mean age was 63.2 years and the pro-
portion of male patients was 82.9%. Baas et al. [12] demon-
strated that the median age was 75 years, most patients
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Table 3. Comparison of survival according to demographic and clinicopathological variables

Variable Category Median survival (mo) 95% Cl p-value HR (95% ClI)

Sex Female 14 7.7-20.2 0.2 0.7 (0.3-1.2)
Male 26 19.9-32.0

Age (yr) <65 26 13.6-38.3 0.7 1.1 (0.4-2.8)
>65 20 13.3-26.7

Surgery EPP 16 2.0-49
PD 24 13.3-34.6 0.9 0.9 (0.5-1.7)
EPD 22 13.6-30.3

T category TI-I 26 2.5-49.4 0.04 1.8 (1.1-3.4)
THI 15 11.0-18.9

N stage NO 27 18.8-35.1 0.04 1.8 (1.1-3.3)
N1 16 10.3-21.6

Histopathology Epithelioid 26 18.6-33.3
Biphasic 11 4.07-17.9 0.5 0.7 (0.1-5.8)
Sarcomatoid 19 -

EPP side Right 10 5.6-14.3 0.02 3.1(1.1-9.6)
Left 48 9.2-86.7

Induction CT Yes 22 12.7-31.2 0.2 1.4 (0.7-2.5)
No 18 5.4-30.5

Completed MMT Yes 24 15.5-32.4 0.03 1.9 (1.1-4.2)
No 11 1.0-24.9

Cl, confidence interval; HR, hazard ratio; EPP, extrapleural pneumonectomy; PD, pleurectomy/decortication; EPD, extended pleurectomy/

decortication; CT, chemotherapy; MMT, multimodal therapy.

were men, and young age and female sex were good prog-
nostic factors. Similarly, Bovolato et al. [13] found that the
median age was 67 years, 68.1% of patients were men, and
advanced age was a poor prognostic factor. Although most
patients were men in our study, which was compatible with
the literature, the prognosis was worse in female patients
than in male patients. A reason for this may be that about
half of female patients underwent EPP surgery, which had
a worse prognosis than other types of surgical procedures.
Another possible cause of the worse survival among female
patients may have been that 9 of 23 (approximately 39%)
female patients were diagnosed at an advanced tumor
stage. In addition, unlike the literature, no significant cor-
relation between age and survival was found in our series.
The early postoperative mortality rate after MPM sur-
gery has been reported as 0%-12.5% in the literature [14].
Bovolato et al. [13] reported that the operative mortality
rates of PD and EPP surgery were 2.6% and 4.1%, respec-
tively. Lang-Lazdunski et al. [15] found that the operative
mortality rate of EPP was 4.5%, but there was no early
postoperative mortality in patients who underwent PD in
their study. In a review published by Bueno et al. [6], oper-
ative mortality was reported as 0%-17.6%. To summarize,
the operative mortality of EPP was reported to be promi-
nently higher than that of lung-sparing MPM surgery in

all papers mentioned above. On the contrary, in our study,
early operative mortality occurred in 1 patient who under-
went EPD, but in none who underwent EPP.

Since the surgical approach is traditionally recommend-
ed for non-sarcomatoid MPM, the most common histo-
pathological subtypes in surgical series are epithelioid and
biphasic MPM [15,16]. Bovolato et al. [13] reported that the
most common histopathological subtype was epithelioid
MPM, and the survival of sarcomatoid MPM was signifi-
cantly worse. Similarly, Lewis et al. [17] demonstrated that
survival was significantly worse in biphasic and sarcoma-
toid subtypes than in epithelioid MPM. In 2 other series,
the predominant histopathological subtype was epithelioid
MPM, and there was no survival difference between histo-
pathological groups [9,15]. Similarly, the predominant his-
topathological type was the pure epithelioid type in our
study, and there was no significant survival difference be-
tween histopathological subgroups. In our study, only 2
patients had the sarcomatoid type, and those patients un-
derwent PD surgery. Due to the small number of patients,
it would not seem realistic to claim that histopathological
type does not affect survival. However, if that result is in-
terpreted together with the other results of our study (in
particular, the identification of advanced T stage and
lymph node metastasis as poor prognostic factors), it can

http://www.jchestsurg.org 409



JCS

https://doi.org/10.5090/jcs.22.037

be tentatively said that TNM staging is more important for
survival than the histopathological subtype of MPM.

Generally, related publications in the literature reported
that lung-sparing surgery (PD and EPD) for MPM was su-
perior to EPP in terms of mortality, morbidity, and OS.
The Mesothelioma and Radical Surgery 1 (MARS-1) study,
which was the first and only randomized prospective study
related to this topic, revealed the negative aspects of EPP
and recommended lung-sparing surgery [18]. Two retro-
spective studies reported that, while the operative mortali-
ty rate was significantly higher in the EPP group, there was
no difference in terms of median survival between the EPP
and lung-sparing groups [9,19]. According to a large data-
base obtained from the International Association for the
Study of Lung Cancer Mesothelioma Staging Project, the
survival of patients who underwent EPP, especially for
stage 1 MPM, was reported to be significantly better than
those who underwent PD [8]. Bovalato et al. [13] demon-
strated there was no significant difference between EPP
and other surgical groups in terms of operative mortality
and median survival. As we mentioned before, no early
postoperative mortality was detected in the EPP group in
our study. Moreover, EPP was mainly performed in pa-
tients with early-stage MPM, and we did not detect signifi-
cant survival differences between the surgical groups.

In contrast to the poor prognostic effect of right pneu-
monectomy in non-small cell lung cancer, sufficient data
do not exist in the English-language literature regarding a
potential correlation between the side of EPP and survival
in patients with MPM. A large EPP series including 529
cases published by Sugarbaker et al. [20] found no survival
differences according to the side of surgery. Two other ret-
rospective studies of EPP for MPM also reported that both
sides had similar survival [21,22]. Unlike the literature,
right-sided EPP was associated with significantly poorer
survival than left-sided EPP in our study. However, we
could not conclusively interpret the reason for this result
because we could not fully demonstrate that the deaths
were directly related to cancer.

There are different opinions about the effect of adjuvant
treatment for MPM on survival in the literature. A guide-
line published by the American Society of Clinical Oncolo-
gy suggested that adjuvant radiotherapy had positive effects
on local control and OS [23]. A database study performed
by Lewis et al. [17] reported there was a significant correla-
tion between OS and adjuvant therapy. Another current
guideline published by the European Society of Medical
Oncology stated that while adjuvant radiotherapy dimin-
ished local recurrence, there was not a sufficient level of
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evidence for adjuvant radiotherapy as standard treatment
[1]. In our study, adjuvant treatment was applied as sequen-
tial chemo-radiotherapy in patients who did not receive in-
duction chemotherapy, while radiotherapy was applied in
those who received induction chemotherapy. Patients who
completed all treatment procedures were included in the
completed MMT group. The median survival and 5-year
OS were significantly better in patients who completed the
MMT in our study. Another result of our study was that
induction chemotherapy did not have a significant effect
on survival. When these results are interpreted together, it
can be inferred that local control of the tumor with a com-
bination of surgery and radiotherapy and systemic control
of the tumor with chemotherapy is effective for survival in
patients with MPM.

The primary limitations of our study were that it was
retrospective and included a small number of patients. It is
very difficult to conduct a prospective randomized study
of surgery for MPM, which is a rare and fatal malignancy;
even in the MARS-1 trial, which is the only prospective
randomized trial on this topic, only approximately 20 pa-
tients in each arm could be provided. As another limita-
tion, this was a single-center study. However, single-center
studies may have the advantage of ensuring homogeneity
because the technique of cytoreductive surgery performed
for MPM may differ from center to center. Another major
limitation was the use of OS for survival analysis instead of
disease-free survival (DFS). Although the survival out-
comes in MPM can be best determined using DFS, as with
other cancers, studies have emphasized that it is difficult to
calculate DFS in MPM patients, so studies have generally
evaluated OS [8]. Additionally, the time interval of our
study was relatively long, and variability in both treatment
strategies and the quality of perioperative management
during that long span could bias the outcomes.

As a result, despite all treatment strategies, MPM contin-
ues to have a very high mortality rate. Nonetheless, accept-
able survival results can be achieved with MMT. Advanced
tumor stage, incomplete MMT and right-sided EPP were
identified as poor prognostic factors. The results of our
study may be encouraging to surgeons regarding the per-
formance of left-sided EPP.
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